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(54) Improvements in or relating to crushing machines 



(57) A jaw crusher comprises an oscillating jaw (2, 3) 
having an operating setting D which is adjustable by 
means of a toggle device (7) connected to the oscillating 
jaw (2.3) by a freely supported toggle plate (5). The os- 
cillating jaw (2,3) and the toggle device (7) are connect- 



ed and held in tension by a tension rod assembly 
(9,10,11 ) and there are provided means for determining 
the tension applied to the tension rod assembly 
(9,10,11), comparing the measured tension with a pre- 
set value and adjusting the tension to the pre-set value. 
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Description 



This invention relates to improvements in or relating 
to crushing machines, and in particular to improvements 
relating to the automate tensioning of jaw crusher ten- 
sion rod systems and a mechanism useful for that Dur- 
pose. K 

In jaw crushers a jawstock with a swing jaw oscil- 
lates to and fro with respect to a fixed jaw. This motion 
crushes rock passing between the jaws, and the size of 
the crushed rock is determined by the distance between 
faces of the jaws. This gap is called the crusher setting 
The jawstock is mounted on an eccentric drive shaft and 
this, combined with a freely supported toggle plate, cre- 
ates the crushing action, 

The setting of the crusher is varied by means of an 
adjustable toggle block mounted within a toggle beam 
The toggle plate is prevented from falling from between 
the jawstock toggle seat and the toggle block by a ten- 
sion rod and compression spring. One end of the rod is 
connected to the jawstock and the other to the toggle 
beam via springs. 

A problem with jaw crushers of the kind described 
above is that every time the setting is adjusted, the ten- 
sion rod must also be adjusted, this is a time-consum- 
ing and sometimes difficult and dangerous task Errors 
can easily be made and this may result in improper op- 
eration of the crusher. 

There has now been devised an automatic tension- 
ing system for jaw crushers which overcomes or sub- 
stantially mitigates the above disadvantage. 

According to the invention, a jaw crusher comprises 
an oscillating jaw having an operating setting which is 
adjustable by means of a toggle device connected to the 
oscillating jaw by a freely supported toggle plate, the os- 
cillating jaw and the toggle device being connected and 
held in tension by a tension rod assembly, wherein there 
are provided means for determining the tension applied 
to the tension rod assembly, comparing the measured 
tension wrth a pre-set value and adjusting the tension to 
the pre-set value. 

The jaw crusher according to the invention is ad- 
vantageous primarily in that the tension rod assembly is 
adjusted automatically whenever the operating setting 
of the crusher is altered. This eliminates the need for 
manual adjustment, reducing machine down-time and 
ensuring consistency of operation. 

The tension rod assembly is preferably pivotally 
connected to the oscillating jaw and is preferably con- 
nected at rts other end to a bracket fixed to the toggle 
device. The tension rod assembly is preferably ten- 
sioned by a compression spring mounted about the as- 
sembly and acting between the bracket and a flange or 
the like at the end ot the assembly. 

The means for adjusting the tension in the tension 
rod assembly preferably comprises means for adjusting 
the effective length of the assembly. Such means most 
preferably comprises a fluid driven piston and cylinder 



most preferably a hydraulic arrangement. The piston in 
such an arrangement is, or forms part of, the tension rod 
assembly, movement of the piston within the cylinder ef- 
fectively altering the length of the assembly. 
5 In an adjustment system of the type just described 
it is strongly preferred that the piston be locked in posi- 
tion once the tension in the tension rod assembly has 
been adjusted to the desired value. In a preferred em- 

,„ !T! nt ' 3 ,0Ckin9 device ,or ,his P UT P° se comprises 
asplrt bush which surrounds the piston rod anda second 
bush havmg a cam surface which bears againstthe split 
bush to urge the split bush into engagement with the 
piston rod. 

Such a locking device may be useful in any situation 
in whicha rodor shaft is tobe lockedagainst movement 
and according to another aspect of the invention there 
is provided a locking device for a movable shaft or rod 
the locking device comprising a split bush which sur- 
rounds the shaft or rod and a second bush movable from 
a locking position, in which a cam surface ot the second 
bush bears against the split bush so as to urge the split 
bush into locking engagement with the shaft or rod to 
an unlocked position in which the split bush is released 
from the rod or shaft. 
2e Comparison of the measured tension in the tension 
rod assembly with the pre-set value, and adjustment of 
the tension in response to that comparison is preferably 
performed automatically, under computer control 

A preferred embodiment of the invention will now 
be described in greater detail, by way of illustration only, 
with reference to the accompanying drawings, in which 
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Figure 1 is a schematic partial view of a jaw crusher 
according to the invention; 

Figure 2 is a diagram of hydraulic circuitry forming 
part of the crusher of Figure 1 ; and 

Figure 3 is a cross-sectional view of a locking device 
forming part of the crasher of Figure 1 . 

Referring first to Figure 1 , a jaw crusher comprises 
a fixed jaw 1 and an oscillating jaw 2 fixed to a jawstock 
a The size of the crushed product is determined by the 
closest separation of the fixed jaw i and the oscillating 
jaw 2. This distance is known as the crusher setting and 
is indicated by the arrows D. 

The jawstock 3 is connected to a toggle block 4 by 
a toggle plate 5, one end of which locates in a jawstock 
toggle seat 6. The toggle block 4 is mounted on a toggle 
beam 7. as 

• The jawstock 3 has a jawstock pivot bracket 8 to 
which is connected one end of a tension rod assembly. 
This assembly comprises a piston rod 9 connected to a 
piston 17 (see Figure 3) housed within a single acting 
hydraulic cylinder 10, the end ot which is connected to 
a fixed rod 1 1 The fixed rod 1 1 passes through a toggle 
beam pivot bracket 12 which carries a spring cup 13 
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The end of the fixed rod 11 carries a spring disc 14, a 
compression spring 15 being mounted about the termi- 
nal portion of the fixed rod 11 , between the disc 14 and 
the spring cup 13. 

The effect of the compression spring 15 is to apply 
tension to the tension rod assembly, and hence to apply 
tension to hold the toggle plate 5 in place between the 
toggle block 4 and the jawstock 3. The disc 1 4 is bushed 
for sliding movement on the fixed rod 11 , the terminal 
portion of the fixed rod 11 being threaded and carrying 
nuts 16 by which the position of the disc 14, and hence 
the compression applied to the spring 1 5, can be adjust- 
ed. 

If, in use, it is desired to increase or reduce the set- 
ting D then the toggle block 4 is moved backwards or 
forwards respectively. Movement of the toggle block 4 
is accomplished by means of hydraulic cylinders (not 
shown in Figure 1 ) which are mounted on top of the tog- 
gle beam 7 within the frame of the crusher. 

Movement of the jawstock 3 to adjust the setting D 
alters the tension in the spring 15. The tension rod as- 
sembly of piston rod 9 and cylinder 10 is intended to 
provide automatic correction of this. 

Figure 2 shows the hydraulic circuitry controlling the 
adjustment of the setting D and also the automatic cor- 
rection of the tension in the tension rod assembly. As 
indicated above, adjustment of the setting D is carried 
out by. operation of hydraulic cylinders mounted on the 
toggle beam 7. These cylinders are indicated in Figure 
2 by the numerals 21 ,22 and are attached in a known 
manner to taper wedges (not shown) which are ar- 
ranged to slide over each other. Extending the cylinders 
21,22 will reduce the setting D, retracting them will in- 
crease the setting D. 

The valves to operate the cylinders 10,21,22 are 
mounted on a 3 station manifold block, and include the 
following: 

VI - AD3E 16 AM solenoid operated directional 
valve to load the system pressure, and apply pres- 
sure to disengage a locking device 16 which is de- 
scribed below. Actuated by a solenoid S1 . 

V2 - solenoid operated directional valve used to 
supply oil to the tensioning cylinder 10. Actuated by 
solenoids S2.S3. 

V3 - solenoid operated directional valve to supply 
oil to the wedge cylinders 21,22. Actuated by sole- 
noids S4,S5. 

V4 - Pressure reducing valve to tension the com- 
pression spring 15. 

V5 - counterbalance valve used to hold pressure in 
the tensioning cylinder 10 when the locking device 
16 is released. 



V6 - double pilot operated check valve to lock pres- 
sure on wedge cylinders 21 ,22. 

V7 - line mounted flow control valve to adjust speed 
5 of wedge cylinders 21 ,22. 

V9 - sequence valve to ensure that there is a pres- 
sure to the locking device 16 when the wedge cyl- 
inders 21 ,22 are adjusted. 

10 

M1 - manifold including a relief cartridge V8-used 
to control the main pressure. 

As described above, whenevera setting adjustment 
75 is carried out, it is necessary to re-set the tension in the 
tension rod assembly. To achieve this the effective 
length of the tension rod assembly is changed by mov- 
ing the piston 17 within the cylinder 10. 

In normal use, the position of the piston 17 within 

20 the cylinder 10 is fixed by a locking device 16 which is 
shown in greater detail in Figure 3. The locking device 
16 comprises a cylindrical casing 35 formed integrally 
with the end of the cylinder 1 0. A split bush 31 is mount- 
ed on the piston rod 9 and is formed on its external sur- 

2S face with a series of wedge-shaped camming surfaces 
which mate with correspondingly formed surfaces on a 
second bush 32. The arrangement is such that slight ax- 
ial movement of the second bush 32 relative to the split 
bush 31 causes the cam surfaces of the second bush 

30 32 to bear against the corresponding surfaces of the 
split bush 31 and thereby to urge the split bush 31 into 
frictional engagement with the piston rod 9. Spring disc 
washers 33 are mounted about the piston rod 9 and act 
on the second bush 32 so as to bias it into engagement 

35 with the split bush 31 , and hence into the locked condi- 
tion. To release the lock, hydraulic fluid is pumped into 
an annular chamber 34 where it acts on an unlocking 
piston 36 which in turn bears against the second bush 
32. The action of the unlocking piston 36 causes the sec- 

40 ond bush 32 to disengage from the split bush 31 , and 
hence releases the split bush 31 from the piston rod 9, 
allowing the latter to move. When the piston rod 9 has 
moved to its desired position the fluid pressure in the 
chamber 34 is released, whereupon the second bush 

45 32 engages the split bush 31 , under the action of the 
disc washers 33, and locks the piston rod 9. 

Correction of the tension in the tension rod assem- 
bly is carried out, with the locking device 16 unlocked 
as described above, by applying hydraulic pressure to 

so one side or other of the cylinder 1 0. The hydraulic pres- 
sure in the cylinder 10 is adjusted by means of the pres- 
sure reducing valve V4 and/or the counterbalance valve 
V5 until it reaches a pre-set value. Once that pre-set 
value has been reached, the hydraulic pressure to the 

55 locking device 1 6 is released, causing the position of the 
piston rod 9 and hence the overall length of the tension 
rod assembly to become fixed. 

The detailed sequence of operations involved in de- 
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creasing the crusher setting D (closing the crusher) and 
increasing the crusher setting D (opening the crusher) 
will now be described. 

A) Closing the Crusher 5 

The following solenoids are energised together S4 
andS1. 

1. By energising solenoid S1 on valve V1, pressu- 10 
rised oil is supplied to the locking device 16. This 
unlocks the cylinder 1 0, as described above. 

2. Sequence valve V9 ensures the locking device 

1 6 has received a pressure to unlock it. Without this is 
pressure no other valves will receive pressurised 
oil. 

3. By energising solenoid S4 on valve V3 pressu- 
rised oil is directed to the full bore side of wedge 20 
cylinders 21,22. These cylinders 21,22 move the 
toggle block 4 forwards by means of the tapered 
wedges referred to above, thereby reducing the 
crusher setting D. 



inder 10. As the rod 9 of this cylinder 10 is attached 
to the crusher jawstock 3, and the jawstock is mov- 
ing back, the piston in the cylinder 10 is pushed 
back exactly the correct amount to compensate for 
the movement of the jawstock 3. 

When the desired.crusher setting D is achieved the 
solenoids S5, S1 and S2 are.de-energised, whereupon: 

1 . The crusher jawstock 3 stops moving. The double 
pilot operated check valve V6 locks the pressure in 
the wedge adjustment cylinders 21,22 to prevent 
the crusher setting 'creeping open" under load. 

2. The tension spring 15 is set at the same setting 
as it was previously; due to valve V4 which has pres- 
surised the annulus side of the cylinder 10 at the 
same pressure as'it had previously. 

3. The lock 16 is re-applied the instant solenoid S1 
is de-energised. This prevents any creeping of the 
tensioning cylinder 10 open and thus any loss in 
tension of the compression spring 15. 



4. As the crusher closes, the tension on the com- 
pression spring 15 is increased, this in turn increas- 
es the pressure of the oil in the annulus side of the 
tension cylinder 10 Beyond a certain pressure ex- 
cess oil is expelled back to tank across valve V5. 
Thus, the compression spring 15 is kept at its cor- 
rect tension. 

B) Opening the Crusher 

The following solenoids are energised together S5 
S1 and S2. 
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1. By energising solenoid S1 on valve V1, pressu- 
nsed oil is supplied to the locking device 16. This 40 2. 

. unlocks the cylinder 10. 

2. Sequence valve V9 ensures the locking device 
16 has received a pressure to unlock it. Without this 
pressure no other valves will receive pressurised <s 
oil. 

3. By energising solenoid S5 on valve V3 pressu- 
rised oil is directed to the annulus side of wedge 
cylinders 21 and 22. These cylinders move the tog- so 
gle block 4 backwards, by means of the tapered 
wedges referred to above, thereby increasing the 
crusher setting D. 



Claims 

1. A jaw crusher comprising an oscillating jaw (2,3) 
having an operating setting which is adjustable by 
means of a toggle device (7) connected to the os- 
cillating jaw (2,3) by a freely supported toggle plate 
(5) : the oscillating jaw (2,3) and the toggle device 
(7) being connected and held in tension by a tension 
rod assembly (9, 10,11), wherein there are provided 
means for determining the tension applied to the 
tension rod assembly (9,10,11), comparing the 
measured tension with a pre-set value and adjust- 
ing the tension to the pre-set value. 



4. Simultaneously, solenoid S2on valve V2 is ener- 
gised. This allows a pressurised flow of oil (the pres- 
sure ofwhich is determined by valve V4 which is ad- 
justable), into the annulus side of the tensioning cyl- 
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A crusher as claimed in Claim 1, wherein the ten- 
sion rod assembly (9,10,11) is pivotally connected 
at one end to the oscillating jaw (2,3) and is con- 
nected at its other end to a bracket (12) fixed to the 
toggle device (7). 

A crusher as claimed in Claim 2, wherein the ten- 
sion rod assembly (9,10,11) is tensioned by a com- 
pression spring (15) mounted about the assembly 
(9,10,11) and acting between the bracket (12) and 
a flange or the like (14) at the end of the assembly 
(9,10,11). y 

A crusher as claimed in any preceding claim 
wherein the means for adjusting the tension in the 
tension rod assembly (9,10,11) comprises means 
for adjusting the effective length of the assembly 
(9,10,11). y 
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5. A crusher as claimed in Claim 4, wherein said 
means for adjusting the effective length of the as- 
sembly comprises a fluid driven piston (1 7) and cyl- 
inder (18) : the piston (17) and the cylinder (10) be- 
ing, or forming part of, the tension rod assembly s 
(9,10,11), movement of the piston (17) within the 
cylinder (10) effectively altering the length of the 
tension rod assembly (9, 10,11 ). 

6. A crusher as claimed in Claim 5, wherein the piston 10 
(17) is hydraulically operated. 

7. A crusher as claimed in Claim 5 or Claim 6, wherein 
there is provided a locking device (16) for locking 
the piston (17) in position once the tension in the '5 
tension rod assembly (9,10,11) has been adjusted 
to the desired value. 

8. A crusher as claimed in Claim 7, wherein the locking 
device (16) comprises a split bush (31) which sur- 
rounds the piston rod (9) and a second bush (32) 
having a cam surface which bears against the split 
bush (31) to urge the split bush (31) into engage- 
ment with the piston rod (9). 

9. A locking device for a movable shaft or rod (9), the 
locking device comprising a split bush (31) which 
surrounds the shaft or rod (9) and a second bush 
(32) movable from a locking position, in which a cam 
surface of the second bush (32) bears against the 
split bush (31) so as to urge the split bush (31) into 
locking engagement with the shaft or rod (9), to an 
unlocked position in which the split bush (31 ) is re- 
leased from the rod or shaft (9). 
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(57) A jawcrusher comprises an oscillating jaw (2,3) 
having an operating setting D which is adjustable by 
means of a toggle device (7) connected to the oscillating 
jaw (2,3) by a freely supported toggle plate (5). The os- 
cillating jaw (2,3) and the toggle device (7) are connect- 



ed and held in tension by a tension rod assembly 
(9,10,11) and there are provided means for determining 
the tension applied to the tension rod assembly 
(9,10,11), comparing the measured tension with a pre- 
set value and adjusting the tension to the pre-set value. 




Printed by Jouve. 75001 PARIS (FR) 



EP 0 826 421 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 97 36 6543 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Cfcdion of docunent with indication, where appropriate, 
of relevant t 



Relevant 

to daim 



CLASSIFICATION OF THE 
APPLICATION QntCtS) 



US 4 765 546 A (G.W. STEWART) 

* column 4, line 61 - column 5, line 31; 

figures 1-4 * 



US 4 749 132 A (TATSUO HAGIWARA) 

* the whole document * 

FR 1 171 849 A (WESTFALIA DINNENOAHL 
GROPPEL A.G.) 

* the whole document * 

FR 2 469 716 A (FIVES-CAIL BABCOCK S.A. ET 
APPAREILS DRAGON S.A.) 

* the whole document * 

AU 461 995 B (VICKERS RUWOLT PROPRIETARY 
LTD.) 

* claims 8-19; figure 2 * 



1-6 

7,8 
1-6 

1 



B62C1/02 



1,7,8 



SEARCHED (lntCL6) 



B02C 



The present search report has been drawn up for aJ) claims 



THE HAGUE 



Date <a car***** el ito M»en 

5 November 1997 



VERDONCK, J 



CATEGORY OF CITED DOCUMENTS 

X : perticulerty ratevsnt if taken atone 

Y : partwuWfy movant » oorrtxned wth anaOmr 

iL lujiTwnt of thm a 
A : techno l ogical beoKg round 

0:n 



T : theory or prtnopie underlying the tnvertwn 
E : •afiiar patent document, but pubfehed on, e 
after Ihe King dots 

D 

L: 



& ; member cf tha ■ 



b pa te nt laiidy, < 



2 



EP 0 826 421 A3 



European Patent 
Ollice 



CLAIMS INCURRING FEES 



The present European patent appacatnn comprised at the time of filing more man ten claims. 

□ M ** im * to?* h8VB P»W ^ the preset bed time limit. The ores em European search report has been 
drawn up lor alt claims. 

I""*] Onir pan or the claim* fees have Oeen paid within the prescribed time bmli The present European search 
report nas oeen drawn up tor the first ten claims end for those claims for wnteh claims fees have been paid. 

namely claims: 

I"! No elft,m » Mve 0een P« ,a Prcscrioed time limit. The present European searen reoon has been 

drawn up lor me first ten claims. 



LACK OF UNITY OF INVENTION 



The Search Division consioers that in. present European patent appitcation does not comply with the reouirement of unity of 
mventjon end relates to several rnrentorts or groups of inventions. 



See sheet -B- 



3 A " ,UWr * #,rCn ^ *" ft W ' d Wtthin m * to » d *»• ««* ^e present Europe.n ae.rch report has 
been dre wn up lor all claims. 

□ ° n,y PEn 01 !hB ,uWM " awch havc ^ the taeo time limit The present European search 

report has Oeen or.wn up tor those parts of the European patent application which relate to the inventions in 
resoeet of whicn search lees have been paid. 

namely claims: 

[£j None or the funner search fees has oeen paid withm me feted „me amit Tne present European searen report 
has been drawn up tor those pans ot the European patent appucatjon wnicn relate to the invention first 
mentioned in the claims. 

"ameiv claims: I ~ S 



3 



EP 0 826 421 A3 



Etvopaan Patent 
Office 



LACK OF UNITY OF INVENTION 
SHEET B 



EP 97 38 6543 



1. Claims: 1-8 



rfflvI U K h ? r com P risin 9 a" oscillating jaw and a tooole 

2. Claim : 9 

a locking device for a movable shaft or rod. 



4 



